A 74-year-old man developed Cushing's syndrome and hypokalemia due to ACTHindependent bilateral macronodular adrenocortical hyperplasia (AIMAH) with excessive secretion of mineralocorticoid hormones. Plasma concentrations of weak mineralocorticoids were high. The increase in plasma cortisol did not have a diurnal rhythm, and was not suppressed by a high dose of dexamethasone.
Abstract.
A 74-year-old man developed Cushing's syndrome and hypokalemia due to ACTHindependent bilateral macronodular adrenocortical hyperplasia (AIMAH) with excessive secretion of mineralocorticoid hormones. Plasma concentrations of weak mineralocorticoids were high. The increase in plasma cortisol did not have a diurnal rhythm, and was not suppressed by a high dose of dexamethasone.
Plasma ACTH was undetectable, but plasma cortisol was increased by ACTH administration.
The concentrations of mineralocorticoids, especially deoxycorticosterone and corticosterone were increased, and augmented the response to ACTH administration. Plasma renin activity and aldosterone concentrations were rather suppressed. Both adrenal glands, with a total weight of 110 g, were enlarged and contained several macronodules.
These nodules were composed of hyperplasia of small cortical cells and usual clear cells. This is a rare case of ACTH-independent bilateral macronodular adrenocortical hyperplasia because there were excessive secretion of mineralocorticoid and hypokalemia.
Key words: ACTH-independent bilateral macronodular adrenocortical hyperplasia (AIMAH) as previouly described [3] [4] [5] . Percent cross reaction of DOC with B, aldosterone and F was 0.59%, 0.03% and 0.03%, respectively. Percent cross reaction of 18-OH-DOC with B,18-OH-B and DOC was 0.21%, 4.70% and 3.66%, respectively. The cross reactivity of the anti-corticosterone serum with DOC, aldosterone and F was 20.8%, 10.3% and 7.8%, respectively.
Urinary steroid hormones were also measured by RIA after high performance liquid chromatographic purification of urine extract as described previously [6] . SEP-PAK C18 cartridges (Waters, Milford, MA, USA) were used for extraction. Urinary 17-hydroxycorticosteroids (17-OHCS) and 17-ketosteroid (17-KS) concentrations were measured by fluorometric assay.
The patient was tested with a small dose of dexamethasone (2 mg/day, orally 2 days), a large dose dexamethasone (8 mg/day, orally 2 days) and metyrapone (3 g/day, orally 2 days). ACTH (fl1-24ACTH 0.25 mg) was given intravenously after plasma samples were obtained at 0800 h and subsequent samples were obtained 30 min and 60 min after injection.
Case Report
A 74-year-old man was referred to Utsunomiya Social Insurance Hospital for further examination for hypertension and hypokalemia. He had been suffering intermittent facial and leg edema for 4 years. He felt muscle weakness 1 year ago and was diagnosed as suffering from glucose intolerance.
There was no family history of endocrine diseases. He had taken slowly releasable niphedipine 20 mg, L-aspargic potassium 1800 mg and glibenclamide 2.5 mg p.o. per day. The patient was 165 cm tall and weighed 54 kg. Blood pressure was 190/120 mmHg and heart rate was 80 beats / min. He had facial and leg edema but no moon face, no central obesity or abdominal striae. Proximal muscles of the limbs showed mild atrophy with muscle weakness. A moist rale was audible in the bilateral lower lung field.
An X-ray film of the chest showed mild pleural effusion with a cardiothoracic ratio of 57%. Laboratory findings revealed hypokalemia (2.6 mEq/l) and hypoxia (PaO2, 69 mmHg). The serum total protein concentrations was low (5.5 mg/dl). Fasting blood sugar was 120 mg/dl and glucohemoglobin A1c was 6.4% (Table 1) . Table 2 shows the endocrinological findings. There were high plasma DOC and corticosterone but plasma aldosterone was low and 18-hydroxycorticosterone (18-OH-B) was normal. PRA and plasma ACTH were suppressed. Plasma cortisol was slightly high with a lack of diurnal rhythm. Urinary excretion of glucocorticoids had increased (Table 2) .
Plasma cortisol responded normally to an intravenous injection of ACTH, and plasma DOC and corticosteone had augmented responses (2710% and 1030%, respectively) ( Table 3) . After the oral administration of dexamethasone, plasma cortisol and urinary 17-OHCS were not significantly suppressed.
As a result of metyrapone administration, the cortisol concentration decreased and urinary 17-OHCS excretion increased twofold compared to the basal level (Table 4 ).
An adrenal scintigram with [131I]adosterol revealed a prominent uptake of the tracer in both adrenal glands (Fig. 1) . On the T1-weighted image of an abdominal MRI, both adrenal glands were concentrations ranged from 3.6 to 3.9 mEq/l with administration of these medications. Hypertension was controlled to around 140/80 mmHg by slowly releasable niphedipine 40 mg p.o. per day in addition to furosemide and spironolactone. During hospitalization, because hyperglycemia could not be controlled by glibenclamide, we administered isopane insulin 14-20 units per day. In addition to these problems, low proteinemia persisted, and 25% human serum albumin was often administered.
After the congestive heart failure was controlled, the left ventricular ejection fraction was seen to be normalized (57%) on echocardiography. The patient had no history of angina pectoris and no family history of ischemic heart disease. Exercise testing did not demonstrate significant ST-T changes. Therefore we judged the surgical risk to be low in the cardio-pulmonary systems.
After controlling these problems, bilateral adrenalectomy was performed. We injected hydrocortisone 300 mg intravenously just before surgery and 200 mg on adrenalectomy.
Intraoperative bleeding was about 900 g. We decreased the dose of hydrocortisone from 300 to 80 mg per day during the first week after surgery. There was no hypoglycemic attack, but the blood sugar concentration often exceeded 300 mg/dl. Low proteinemia persisted, and fresh frozen plasma and 25% human serum albumin were transfused almost every day. Diuretics were required to control congestive heart failure.
One week after the surgery he developed pneumonia. The patient suddenly developed apnea and cardiac arrest early on the morning of the 19th day after surgery.
We speculated that his death was due to acute respiratory tract occlusion caused by sputum or a pulmonary embolism. Autopsy was not permitted by the family. The left and right adrenal glands weighed 70.4 g and 39.5 g, respectively.
They contained several yellow macronodules lacking the normal adrenocortical structure. These nodules were composed of hyperplasia of small lipid-rich and lipid-poor cortical cells (clear cells and compact cells) and the usual clear cells (Fig. 3) . Some cells along the basal membrane with oval nuclei contained nuclear grooves. There were, in part, groups of cells with larger acidphilic cytoplasm. The non-nodular glandular substance and internodular areas of the cortex were also occupied by hyperplastic small compact and clear cells, with a loss of the original zonal structure. These findings were compatible with AIMAH. In the former report, the plasma concenrations of DOC was slightly increased, but plasma corticosterone, aldosterone and plasma renin activity were within normal range. In the latter report, the plasma DOC was three times as high as the upper normal concentrations, but the plasma aldosterone concentration and the plasma renin activity were normal. Takemura et al.
[10] reported a case of AIMAH accompanied by a slightly high aldosterone concentration. That patient presented with hypertension, edema, heart failure and hypokalemia, but the authors did not refer to weak mineralocorticoids including DOC and corticosterone.
Very recently Yamada et al.
[12] reported an AIMAH patient with concurrent excess of gluco-and mineralocorticoids presenting with preclinical Cushing's syndrome. Their patient did not have hypertension, edema or hypokalemia, but plasma concentrations of DOC and corticosterone were slightly high, and the plasma renin activity was suppressed.
The plasma aldosterone concentration was normal.
On admission, he had marked hypokalemia, hypertension and congestive heart failure. We speculated that his clinical features were in part due to excess secretion of mineralocorticoids, such as DOC and corticosterone. These mineralocorticoids have a weaker mineralocorticoid action than aldosterone, but some DOC-or corticosteroneproducing tumors have been noted to accompany hypertension and hypokalemia [13] [14] [15] .
Ulick et al. reported lower 11 f3-hydroxysteroid dehydrogenase activity (11 f3-HSD) in Cushing's syndrome with hypokalemia due to ectopic ACTH secretion [16] . We measured urinary excretion of cortisone and cortisol, but 11fl-HSD was not lowered.
Previously there was speculation that an initial hypersecretion of ACTH gradually leads to the development of adrenocortical hyperplasia, which finally produces semi-autonomous or autonomous nodules and then the hypothalamo-pituitary system is suppressed due to a negative feed back mechanism [17, 18] . We did not perform immunohistological or electron microscopic examinations, but Aiba et al. did and speculated that small cells and usual clear cells composing these nodules originate from the upper zona fasciculata [2] . The cells of the upper zona fasciculata or clear cells are regarded as reserve cells for producing cortisol and primarily produce DOC and corticosterone. In AIMAH, the amount of cortisol production by each cell is very small but a marked increase in the number of cells in the upper zona fasciculata causes Cushing's syndrome. Recently it was demonstrated that aldosterone Elderly patients usually have few typical physical findings of Cushing's syndrome.
In the present case, the patient had no typical symptom of Cushing's syndrome such as moon face, central obesity and striae, but had muscle weakness and diabetes mellitus.
In addition, he developed symptoms due to mineralocorticoid secretion, such as edema, hypertension, hypokalemia and congestive heart failure. During hospitalization, he gradually developed symptoms due to an excess of cortisol, such as diabetes mellitus. Therefore, despite his advanced age, we performed a bilateral adrenalectomy.
We judged that the surgical risk was low, and adrenal crisis after surgery could be insulin-induced
